Human papillomavirus (HPV), a small, nonenveloped, double-stranded DNA virus, is established as the key etiological factor in cervical neoplasms (24, 29, 30) . More than 90% of cervical neoplasms are attributed to HPV infection. Persistence of high-risk HPV types is a major risk factor for the development of high-risk cervical intraepithelial neoplasia (CIN) (9). Although the regression of HPV infection commonly takes place within 3 years, compelling evidence indicated that a small but definite fraction of the infected population is at risk for developing invasive cervical cancer after many years or decades of a long latency period of primary infection (3, 10, 14) .
Human papillomavirus (HPV), a small, nonenveloped, double-stranded DNA virus, is established as the key etiological factor in cervical neoplasms (24, 29, 30) . More than 90% of cervical neoplasms are attributed to HPV infection. Persistence of high-risk HPV types is a major risk factor for the development of high-risk cervical intraepithelial neoplasia (CIN) (9) . Although the regression of HPV infection commonly takes place within 3 years, compelling evidence indicated that a small but definite fraction of the infected population is at risk for developing invasive cervical cancer after many years or decades of a long latency period of primary infection (3, 10, 14) .
Currently, HPV DNA testing has played a triage role for atypical squamous cells of undetermined significance (ASCUS), primary screening in conjunction with cytology for the detection of cervical cancer and CIN, and follow-up in a variety of clinical settings (4, 15, 16, 18, 25) .
HPV DNA detection by the FDA-approved Hybrid Capture II HPV DNA test (HCII) (Digene Corporation, Gaithersburg, MD) is the most widely used method. The HCII system, a commercial liquid hybridization kit using RNA probes against HPV DNA genomic targets followed by signal amplification, has been validated for its reproducibility in HPV DNA detection (18, 26, 29) . Thirteen carcinogenic types implicated in the pathogenesis of high-grade squamous intraepithelial lesions (HSILs) and invasive cancer, such as HPV type 16 (HPV-16), -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68, can be detected (18, 26) . A positive cutoff value was set at 1 pg HPV DNA per milliliter in the specimen. However, information on HPV genotype is lacking in this cocktail detection method.
Other detection systems that determine genotyping include nonamplication Southern and dot blot hybridizations with type-specific probes (17) , type-specific PCR (2) , and generalprimer PCR (6, 9) . The disadvantage of type-specific PCR is the need for multiple hybridization reactions to achieve multiple HPV genotypes in a single sample, while general-primer PCR such as MY09/11 has the drawback of a large PCR fragment with less sensitivity. The development of PCR-reverse hybridization permits the use of amplimers generated by the MY09/11 as well as the SPF1/2 primers and allows the detection of 27 HPV genotypes (13) .
In our group, a highly sensitive method using modified sets of primers (SPF1/GP6ϩ), which synthesizes a PCR fragment of approximately 184 bp, followed by direct DNA sequencing as well as revert blotting with a commercialized macroarray genechip (Easychip HPV Blot [hereafter referred to as HPV Blot]; King Car, Taiwan), is used for identification of 39 HPV genotypes. In our previous report, HPV Blot was used to investigate HPV genotypes of cervical cancer (paraffin-embedded specimens) treated with neoadjuvant chemotherapy plus radical surgery and showed good sensitivity and reproducibility upon HPV genotyping (11) . The association of HPV-18 or HPV-16 and -18 with poor outcome in cervical carcinoma treated with neoadjuvant chemotherapy plus radical surgery is confirmed. However, the utilization of HPV Blot in exfoliated cells collected from the lower genital tract has not been defined.
The purpose of this study is to compare the efficacy of HPV Blot with that of the HCII system for detection of HPV DNA in cervical swab samples.
MATERIALS AND METHODS
Patient recruitment. Cervical swab samples (n ϭ 354) were collected from women with previous normal (n ϭ 146) or abnormal (ՆASCUS [n ϭ 208]) cytology between January 2001 and September 2004 at the Department of Gynecology and Obstetrics, Chang Gung Memorial Hospital. Two HPV tests were performed and compared using simultaneously obtained cervical swab samples or samples obtained within 3 months for untreated patients with a recent abnormal Pap smear.
HCII system. Procedures for collecting and transporting specimens for HPV DNA testing were performed as described previously (4, 14, 15) . Briefly, specimens were denatured at 65°C for 45 min and hybridized under high-stringency conditions with a mixture of RNA probes that detects 13 different carcinogenic HPV types. The resultant DNA-RNA hybrids were captured on the surface of the microtiter plate wells coated with an anti-DNA-RNA hybrid antibody. The immobilized hybrids then reacted with an alkaline phosphatase-conjugated antihybrid monoclonal antibody. Light intensity was measured with a luminometer. A positive cutoff value was set at 1 pg HPV DNA per milliliter in the specimen.
DNA extraction. A total of 0.2 ml of sample was obtained from Digene specimen transport medium. DNA was extracted according to the protocol for the isolation of total DNA from cultured animal cells (QIAGEN Inc., Valencia, CA). Briefly, the cell pellet was obtained by centrifugation for 5 min at 300 ϫ g. The sample was lysed by adding 20 l proteinase K and 0.2 ml AL buffer and incubated at 70°C for 10 min. A total of 0.2 ml of 96 to 100% ethanol was added for precipitation. The sample mixture was loaded onto a DNeasy Mini Spin column. DNA was selectively bound to the membrane. Two efficient wash steps removed the remaining contaminants and enzyme inhibitors. Finally, 100 l of DNA solution was eluted, and 1 l of the aliquot was used for PCR amplification.
SPF1/GP6؉ PCR. The SPF1/GP6ϩ (6) consensus primers (Table 1) were used to amplify a fragment of approximately 184 bp in the L1 open reading frame. Primer GP6ϩ was biotinylated at the 5Ј end. SPF1/GP6ϩ PCR was performed in a final reaction mixture volume of 50 l containing 1 l of the isolated DNA, 20 mmol/liter Tris-HCl (pH 8.4), 3 mmol/liter MgCl 2 , 0.1% Triton X-100, 0.01% gelatin, 200 mol/liter each deoxynucleoside triphosphate, 20 pmol of forward and reverse primers, and 0.25 U of AmpliTaq Gold polymerase (Applied Biosystems CA). PCR conditions were as follows: a preheating step for 10 min at 94°C followed by 40 cycles of 1 min at 94°C, 1 min at 45°C, and 1 min at 72°C and a final extension step of 5 min at 72°C. Each PCR experiment was performed with several positive and negative controls. Routine precautionary procedures were applied to avoid carryover or contamination (20) . Controls lacking template DNA were also used throughout the entire procedure to monitor for sample contamination, and HeLa cell DNA was included in each batch of PCR to ensure the absence cross-hybridization with types other than HPV-18.
GAPDH (glyceraldehyde-3-phosphate dehydrogenase) primers were included in each amplification as a control for the adequacy of the tissue DNA prepara- Type-specific PCR. Type-specific primer sequences and annealing temperatures of the 13 HCII HPV genotypes are listed in Table 1 . The annealing conditions were different for each set of primers. Type-specific PCR was performed for 50 cycles of 1 min at 94°C, 1 min at the specific annealing temperature, and 1 min at 72°C. A final extension step of 5 min at 72°C was added after 50 cycles. The total yield of each PCR product was analyzed by electrophoresis on 2% agarose gels stained with ethidium bromide (Fig. 1 ). The quality of isolated DNA was checked with GAPDH PCR, by which a 136 bp product was amplified.
HPV genotyping by direct sequencing analyses. PCR products amplified by SPF1/GP6ϩ were isolated from agarose gels using a QIAGEN gel extraction kit (QIAGEN Inc., Venlo, The Netherlands). Twenty microliters of amplimer solution was eluted, and 3 l of eluent was used for direct sequencing with the GP6ϩ primer. Sequencing reaction of double-stranded PCR products was performed with a dye terminator cycle sequencing kit (ABI Prism dRhodamine Terminator cycle sequencing ready reaction kit; PE Applied Biosystems, Foster City, CA). The DNA sequences obtained from the patient samples were compared to the GenBank sequences by using the BLAST program at the National Center for Biotechnology Information website.
HPV genotyping by HPV Blot. Fifteen microliters of the resultant amplimers was then hybridized with an Easychip HPV Blot (manufactured by King Car, I-Lan, Taiwan) membrane. Thirty-nine types of HPV (types 6, 11, 16, 18, 26, 31, 32, 33, 35, 37, 39, 42, 43, 44, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 66, 67, 68, 69, 70, 72, 74, 82, CP8061, CP8304, L1AE5, MM4, MM7, and MM8) oligonucleotide probes of 20 to 30 mers with an approximately 100-to 200-mer poly(T) tail were immobilized on a nylon membrane in a single reaction as previously described (11) . Two independent PCR products of each sample were hybridized with an HPV Blot, and the two HPV Blot results were compared with each other and also cross-checked with the direct sequencing results. Type-specific PCRs were performed to resolve the discrepant results, if necessary.
HPV Blot membranes were equilibrated with 2ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate) at room temperature for 10 min and prehybridized with prehybridization buffer (2ϫ SSC, 0.5% blocking reagent, 5% dextran sulfate, 0.1% sodium dodecyl sulfate [SDS]) containing denatured salmon sperm DNA (50 g/ml) by shaking at 35°C for 30 min. Membranes were hybridized with 500 l of hybridization buffer (2ϫ SSC, 0.5% blocking reagent, 5% dextran sulfate, 0.1% SDS, 50 g/ml denatured salmon sperm DNA) containing denatured amplimers (15 l) by shaking at 35°C for at least 3 h. The HPV Blot membranes were washed once in washing buffer 1 (2ϫ SSC and 0.1% SDS) for 5 min at room temperature and then washed twice in washing buffer 2 (0.2ϫ SSC, 0.1% SDS) for 5 min at 35°C. Following this stringent washing, the membranes were equilibrated with buffer 1 (1ϫ phosphate-buffered saline [PBS], pH 7.4, 0.05% Tween-20, 0.1% SDS) by shaking at room temperature for 5 min twice. HPV Blot membranes were incubated in 500 l of buffer 2 (1ϫ PBS, pH 7.4, 0.05% Tween-20, 0.1% SDS, and 0.5% blocking reagent) containing Avidex-AP (alkaline phosphatase conjugates and biotinylated antibodies; 1:1,000 dilution) for 40 min. After alkaline phosphatase conjugation, HPV Blot membranes were washed in buffer 1 and rinsed with buffer 3 (0.1 M Tris-HCl, pH 9.5, 0.1 M NaCl) for 5 min. Seventy microliters of the substrate 5-bromo-4-chloro-3-indolylphosphate (BCIP) and nitroblue tetrazolium was then added and incubated for 30 min at room temperature. The reaction was stopped by the aspiration of the substrate solution and the addition of distilled water. After drying, the HPV Blot results were determined visually according to the HPV type format of the membranes.
Serial dilutions of plasmid DNA containing the specific segment of the L1 open reading frame of the 39 HPV types and cell lines containing known HPV genotypes, such as HeLa and CaSki cells (American Type Culture Collection, Manassas, VA), were analyzed in parallel on every batch of primers to monitor the detection limit of the assay. The detection limit of this assay determined by serial dilution of plasmid DNA containing the specific segment of the L1 open reading frame of the 39 HPV types and cell lines containing known HPV genotypes, such as HeLa and CaSki cells, is about 10 to 100 copies per sample (11) .
Comparison between HCII and HPV Blot. Concordance was defined as detection of the 13 high-risk HPV genotypes contained in HCII by HPV Blot in those patients who were positive by HCII or if the HPV Blot was negative in those patients who had negative HCII results. All other discordant results were further investigated using one of the following three methods: direct sequencing analyses or type-specific PCR of the same specimen or HPV genotyping by HPV Blot on paraffin-embedded cervical biopsy tissue. 
RESULTS
HPV testing according to cytology. Of the 146 patients with a previous normal Pap smear, 3 had abnormal cytology of this incidence. Therefore, of the 354 Pap smears, 143 were normal, 105 were ASCUS, 94 were low-grade squamous intraepithelial lesions (LSIL), and 12 were HSILs ( Comparisons between Easychip HPV Blot and HCII. The concordance of HPV detection between the HPV Blot and HCII was 80.8% (286/354), with a substantial agreement between the methods (, 0.68; P Ͻ 0.001), as demonstrated in Table 3 . In analyses of discordant results, HPV Blot detected types other than the 13 HCII high-risk HPV types in 15 cases positive by HCII (Table 4) . Verification methods using one of the three methods, direct sequencing, type-specific PCR, or HPV Blot genotyping of paraffin-embedded cervical biopsies, showed that 100% of the results (15 out of 15) were consistent with the cervical swab HPV Blot results. The probable crosshybridization rate was 12.5% (15/120) in those samples that were positive by the HCII assay. The most common subtypes for cross-hybridization were types 70, CP8304, MM8, and 53. The five abnormal smears in these 15 samples contained HPV-74, -70, -53, and -66. In the 20 samples that were negative by HCII but for which HPV Blot detected the 13 HCII high-risk HPV types, 18 were verified as consistent with the latter (Table 5 ). All the five samples with ASCUS/LSIL harbored the oncogenic HPV types 16, 18, and 52. The other 15 samples were HCII negative, but HPV Blot detected non-HCII HPV genotypes, further verifying that the methods were consistent with HPV Blot results (Table 6 ). In only 16.7% (3/18) of the HCIIpositive but HPV Blot-negative samples, further studies detected the 13 HCII high-risk genotypes. Nevertheless, HPV Blot missed three cases with high-risk HPV (types 16 and 52), one of which came from a patient with CIN grade 3 (CIN3). These cases were picked up by HCII, albeit at the price of a substantial false-positive rate (Table 7) . 
DISCUSSION
Evidence has shown that HPV is the main cause of most CIN and invasive cervical cancers (24, 29, 30) . The determination of HPV status in initial Pap specimens of ASCUS has been proposed to play a pivotal role in detecting cervical lesions as well as in assisted decision-making regarding treatment (18, 26) . In a large cohort study conducted in a population of 46,009 patients undergoing primary screening, HCII was demonstrated to increase the detection of high-grade CIN in 995 women with ASCUS Pap tests (18) . Sixty-five women (6.7%) had histologically proven CIN2 or CIN3 or invasive cancer. The HPV test was positive in 89.2% of women with histologic CIN2 or CIN3 or invasive cancer, compared with 76.2% detection by cytologic testing (18) . Another study that included 4,075 women for primary screening revealed a prevalence of 3.2% with CIN3 or higher and a sensitivity of 88.2% detection for HPV testing by PCR (15) .
In this study, we compared the PCR-based HPV Blot to the well-established, FDA-approved HCII method. Data obtained from cervical swab samples analyzed using the two methods of HPV DNA detection were compared in women with previous normal Pap smears or ASCUS. The PCR-based method is based on using modified sets of primers (SPF1/GP6ϩ) that synthesize a PCR fragment of approximately 184 bp followed by revert blotting in a macroarray genechip, and direct DNA sequencing was performed to cross-check results (11) . It is a highly sensitive method that discriminates 39 types simultaneously in a single reaction, without performing 39 separate hybridizations. Other reports of similar strategies identified 25 genotypes using the SPF1/2 primer set amplifying a 65-bp fragment within the L1 region, designated the line blot assay (13) , and 27 subtypes by a reverse line blot detection method employing the MY09/11 primer set, which amplifies a 450-bp fragment within the L1 region (7).
The HPV-positive rates by HPV Blot and HCII were 18.2% versus 12.6% in normal, 45.7% versus 36.2% in ASCUS, 57.4% versus 57.4% in LSIL, and 75.0% versus 83.3% in HSIL Pap samples, respectively. The HPV detection rate increases as the severity of cervical abnormalities increases. The performance of HPV detection (positive or negative) between the HPV Blot method (39 types) and HCII (13 types) was similar, except for ASCUS. Results from 13 paired HCII oncogenic-type comparisons showed no difference in all cytological grades. Additionally, 26 HPV types detected by HPV Blot significantly affected the matched specimens in the ASCUS group by increasing HPV positivity. If these 26 non-HCII genotypes are unrelated to HSIL or invasive cancer, the HPV positivity would be of no clinical significance. However, a previous study from our group showed that HPV types other than the 13 HCII genotypes were present in invasive cervical carcinoma tissues from Taiwanese women (n Ͼ 2,000) (our unpublished data). HPV genotypes other than the 13 types represented by HCII (such as HPV-26, -53, -66, and -82) are necessary for a thorough assessment of the risk of cervical neoplasms (19) .
Although HPV-16 has been the most prevalent genotype in many studies worldwide (29, 30) , the detailed HPV genotype distribution is varied in different areas (12, 28) . Huang et al. previously investigated 40 cervical carcinoma biopsy specimens from China, 87.5% of which contained HPV DNA, and HPV-52 and -58 were equally represented, with 42.5% being HPV-52 and/or HPV-58 positive, while only 37.5% were HPV-16 and/or HPV-18 positive (12). In 159 cervical carcinomas from Russia, (12, 28) . The knowledge of HPV genotyping of cervical cancer within a country or region is important for both primary screening and vaccination policy. In this study, multiple infections were detected in 31.4% of samples. In our previous study of 149 cervical cancer specimens from patients undergoing neoadjuvant chemotherapy plus radical surgery using SPF1/GP6ϩ PCR and HPV Blot, HPV DNA sequences were detected in 100% of the samples, and multiple infections (32.2%) were found (11) . van Doorn et al. also addressed the issue of multiple infections in a sample by comparing the PGMY line blot assay and the SPF 10 line probe assay of 400 cervical scrape specimens (27) . They found that different concentrations of two HPV genotypes with greater molar amounts were preferentially amplified.
The "gold standard" for disease status is difficult define in this study, as most of the specimens were cytology samples (23) . In an attempt to reduce the limitations of comparisons between the two methods, a third detection method, such as direct sequencing, type-specific PCR, or HPV Blot genotyping of paraffin-embedded cervical biopsy, was employed to elucidate discrepant results. Data from multiple follow-up studies could facilitate comparisons of HPV DNA assays. A good concordance rate (80.8%) and substantial agreement ( ϭ 0.68) between the two methods were observed. Proficiencies of various HPV detection assays vary for different types of HPV, which was demonstrated in a recently published international collaborative study using a recombinant HPV DNA standard reagent panel in 29 laboratories from 12 countries (23).
In the discordant samples (n ϭ 68), further studies seemed to be more consistent with HPV Blot in 92.6% of the samples (n ϭ 63). Further investigation of the 15 HCII-positive samples but HPV Blot detected HPV types other than the 13 HCII high-risk types indicated cross-reactivity in all of them (Table  4 ). The most common subtypes for cross-reaction were types 70, CP8304, MM8, and 53. The dilemma of cross-reactivity entrapped in the cocktail was previously reported for comparisons with other PCR-based detection methods (1, 21, 22) . In a subset of 210 paired specimens tested by HCII and the MY09/MY11/HMB01 PCR-based assay, The Atypical Squamous Cells of Undetermined Significance/Low-Grade Squamous Intraepithelial Lesions Triage Study Group showed that 11.7% of LSIL specimens that were positive by the HCII highrisk cocktail were positive only by the PCR method for low-risk HPV types (HPV-6, -40, -42, -53, or -66), which are not included in the 13 HCII high-risk HPV types (1). Using restriction fragment analysis of PGMY09/PGMY11 PCR products, Poljak et al. successfully amplified a 450-bp fragment in 312 out of 325 HCII-positive specimens. They suspected that at least 15 HPV types cross-hybridized with the current HCII high-risk probe cocktail (22) . The most frequent cross-hybridization types were HPV-53, -66, -54, -6, -40, and -42 in the 30 samples (9.6%; 30/312) (22) . In our series, the probable crosshybridization rate was 12.5% (15/120) in those samples that were positive by HCII. On the other hand, some reasons for possible false negatives by HPV Blot include suboptimal primer/ probe design, low viral load, and false positivity on the part of the HCII assay.
The clinical significance of latent infection was still unsettled. In this series, 12.6% and 11.2% of samples with normal cytology contained 13 carcinogenic types by HCII and HPV Blot, respectively. In our previous study, the positive predictive value (recurrent high-grade CIN) of an abnormal follow-up cytology after conization for CIN3 was only 27%, while the positive predictive value of persistent HPV status (by HCII) was 19.8% with one test and 36% with at least three consecutive positive HPV tests (4) . Follow-up of these women with latent infection is ongoing in another study from our group. Herrington et al. previously reported a follow-up study of 167 women with persistent borderline, wart virus, or mildly dyskaryotic changes in cervical cytology. CIN grade 2 or 3 was identified in 46 (31.3%) patients after a median follow-up period of 27 months. HPV positivity (types 6/11, 16, 18, 31, and 33) by both nonisotopic in situ hybridization and PCR-based methods was associated with high-grade CIN (8).
In conclusion, HPV Blot tends to detect more samples with HPV infection than HCII in those patients with normal and ASCUS cytology for a broader HPV type range. Besides, it is comparable to HCII with regard to the identification of oncogenic HPV genotypes.
